Piecewise Constant Cross-Ratio Estimation for Association in Bivariate Survival Data with Application to Studying Markers of Menopausal Transition by Nan, Bin et al.
University of Michigan School of Public
Health
The University of Michigan Department of Biostatistics Working
Paper Series
Year  Paper 
Piecewise Constant Cross-Ratio Estimation for
Association in Bivariate Survival Data with
Application to Studying Markers of
Menopausal Transition
Bin Nan∗ Xihong Lin†
Lynda D. Lisabet‡ Sioban Harlow∗∗
∗University of Michigan, bnan@umich.edu
†University of Michigan, xlin@umich.edu
‡University of Michigan Neurology, llisabet@med.umich.edu
∗∗University of Michigan Epidemiology, harlow@isr.umich.edu
This working paper is hosted by The Berkeley Electronic Press (bepress) and may not be commer-
cially reproduced without the permission of the copyright holder.
http://biostats.bepress.com/umichbiostat/paper29
Copyright c©2004 by the authors.
Piecewise Constant Cross-Ratio Estimation for
Association in Bivariate Survival Data with
Application to Studying Markers of
Menopausal Transition
Bin Nan, Xihong Lin, Lynda D. Lisabet, and Sioban Harlow
Abstract
A question of significant interest in female reproductive aging is to identify bleed-
ing criteria for the menopausal transition. Although various bleeding criteria, or
markers, have been proposed for the menopausal transition, their validity has not
been adequately examined. The Tremin Trust data are collected from a long-term
cohort study that followed a group of women throughout their whole reproduc-
tive life, and provide a unique opportunity for assessing the association between
age at onset of a bleeding marker and age onset of menopause. Formal statistical
analysis of this dependence is challenging give the fact that both the marker event
and menopause are subject to right censoring and their association depends on age
at the marker event. We propose using cross-ratio to measure their dependence,
which is assumed to be a piecewise constant function of age at onset of the marker
event. Two estimation procedures using direct two-stage method and sequential
two-stage method are proposed, while the latter is extended to allow for covariates
in marginal survival functions. The proposed methods are applied to the analysis
of the Tremin Trust data, and their performance is evaluated using simulations.
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